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1
AUTOMATIC SOLUTION MINING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention |

The present invention relates 1o an automatic solution
mixing apparatus for use with dving. developing. etch-
ing soluuions and the hke,

2. Description of the Prior Art
- One of the present inventors has previously proposed
an automatic solution mixing apparatus in Japanese
Patent Laid Open Application No. 026980/1990. The
automatic solution mixing apparatus disclosed in the
above-mentioned patent application comprises. as
shown in FIG. 1, a plurality of solution distributors 1-1.
1-2. . . . . 1-n (heremafter represented by the solution

distributors 1) which suction and discharge solutions by

the reciprocal movement of pistons 1-1b, 1-24. . . ., 1-nb
(hereimnafter represented by 1-b) inserted in cylinders
1-1a, 1-2a4. . .., 1
The solution distributors are arranged in a row and are
respectively connected to three-way solenoid valves
3-n (hereinafter represented by three-way

solenoid valves 3) through common poris (COM)

thereof. The three-wayv solenoid valves 3 are connected
to solution tanks (not shown) through solution intake
pipes 15-1. 13-2. . . . 15-n, respectively. for receiving
solutions from the solution tanks. Also. the three-way
solenoid valves 3 are connected to a solution receiver 3
through mjection pipes 2-1. 2-2. . . ., 2-n. respectively,
for discharging solutions from the solutton distributors
1 to the solution receiver 5. o

The pistons 1-b of the solution distributors 1 are re-
spectively coupled through couphngs 6-1. 6-2. .. ..
to an actuating arm 7 for driving all of the pistons with

-na (hereinafter represented by 1-a).

5.177.693
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8 based upon the number of the above-mentioned set
pulses and the number of the pulses supplied from the

encoder 14. | .
Subsequently, the driving motor 8 is rotated to move

the actuating arm 7 forward., i.e., to retract the p1stons

1-5 into the cylinders 1-a to eject air bubbles therefrom.
and thereafter perform an operation for mixing a plural-
ity of solutions. In the solution mixing operation. the
solutions are discharged in a manner of increasing the

- amount of solutions discharged from the distributors 1.

1.€.. increasing the number of the pulses set in the con-
trol section, and the control section operates the driving
motor 8 to move the actuating arm 7 forward until the
discharged amount of the solution reaches specified
amount of discharge for each distributor 1 set in the
control section. For the distributor 1 1n which the dis-
charge of a destred amount of solution has been com-
pleted. the three-way solenoid valve 3 located on the
discharge side of the cylinder 1s opened to the solution
tank and the solution remaining in the cylinder 1-a

- (hereinafter called the residual solution) is ejected into

the solution tank. This operation Is repeated for every

~ solution distributor 1 to mix the solutions.

-2
v

30

6-n

the same stroke in the same direction. The movement of -

the arm 7 1n the direction as indicated with an arrow A.
.e.. back and forth movement. 1s performed by the
normal and reverse rotation of a driving motor 8. and

the amount of the back and forth movement is con- 40

trolled by the number of pulses of the pulse signal fed

from a rotary encoder 14 which detects the number of

revolunions of the motor 8.

Accordingly. since the back and forth mov ement of
the actuating arm 7 corresponds to that of the pistons
i1-b. the amount of movement of the pistons 1-b can be
controlled by controlling the amount of the back and
forth movement of the arm 7. 1.e.. the number of pulses

435

fed from the rotary encoder 14. Moreover. since the

amount of movement of the pistons 1-b corresponds to

the amount of the solution discharged from the distribu-
tors 1. by selecting the above-mentioned number of

‘pulses per unit discharge amount in advance, the

50 .

amount of solution discharged from the cvlinders 1-a -

can be controlled.

The operation of such an automatic solution mixing
apparatus will now be hereinafter described. In the first
step, with the three-way solenoid valves 3 having their
valve passages opened to the solution tanks. the driving
motor 8 1s so operated as to move the pistons 1-b 1n a
direction of extending the pistons from the cyhnders
1-a. 1.e.. to move the actuating arm 7 backward. Ac-
cordingly. the solution is suctioned from the solution
tank into each distributor 1.s0 as to fill the same.

60

The number of pulses corresponding to the amount of 63

solution to be discharged from each distributor 1 1s then
set in a conirol section (not shown). so that the control

section will control the operation of the driving motor

Although the automatic solunon mixing apparatus

- described above 1s capable of mixing many kinds of
solutions accurately, the solution distributors 1 must be

arranged in a row to accommodate a driving gear in-
cluding the actuating arm 7. driving motor 8 and so on
behind the distributors 1. and the number of the solution
distributors ‘1 connected 1o the driving gear 1s limited
because of the limited length of the actuating arm 7.
Therefore. when a large number of solution distributors
1 are required. a plurahity of sets of the driving gears
and the solution distributors 1 have to be provided.
which requires the automauc solutlon MiXing apparatus |

10 be made large.

SUMMARY OF THE INVENTION

It is an object of the present invention to eliminate
such a problem as mentioned above and to provide an

automatic solution mixing apparatus which mayv be

provided with a ]arger number of solution distributors
without making the size thereof large and W hich 1s
capable of mixing the solutions accurately.

According to a first aspect of the present invention.
the automatic solution mixing apparatus COmprises: one
or more pairs of solution distributors for suctioning
solutions into their cylinders and discharging the solu-
tions therefrom by the movement of pistens in the cyhin-
ders, the distributors of each pair being substantially
disposed face-to-face each with their pistons extending

1n opposite directions; a piston connecting mechanism.

for connecting both pistons of each pair of distributors
in such a way that the movement of the pistons in the
cylinders located on one side of the apparatus is oppo-
site to that of the pistons in the cylinders located on the
other side; and piston driving means for driving the
pistons to suction the solutions into the solution distrib-
utors and discharge a predetermmed amount of solu-
tions therefrom. __ o
According 10 another aspect of the present invention.
the automatic solution mixing apparatus comprises: one.
or. more pairs of solution distributors for suctioning
solutions into their cylinders and discharging the solu-

tions therefrom by the movement of pistons in the cvlin-

ders. the distributors of each pair being substantiallyv
disposed face-to-face with their pistons extending in
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opposite directions: a plurality of pairs of solution tanks
corresponding to the respective solution distributors for
contaming ingredient solutions to be mixed: one or
more pairs of solution receivers for containing mixed
solutions: three-way solenoid valves for selectively
placing the solunion distributors in communication with
the solution tanks or with the solution receivers depend-
ing on a control signal issued thereto: piston connecting
means for connecting the pistons in each pair of distrib-
utors 1n such a way that the movement of the pistons in
the cylinders located on one side of the apparatus is
equal and opposite to that of the pistons in the cylinders
located on the other side: piston driving means for driv-
ing the piston connecting means to suction the solutions
into the solution distributors and to discharge a prede-
termined amount of solutions therefrom: solenoid valve
control means for selectively feeding signals to the
three-way solenoid valves to open the valve passages of
the three-wayv solenoid valves to a solution tank and to
switch over the valve passages so as to be open to the
solution receivers: calculation means for calculating the
quantity of solutions to be discharged into the receivers
from each of the distributors: driving motor control
means for selectively feeding signals to actuate the pis-
ton driving means: and control means for controlling
the operation of the solenoid valve control means and
the driving motor control means based on calculations
made by said calculation means.

As menuoned above. the piston connecting means
connects the pisions of the solution distributors in such
a manner that the movement of the pistons of each
distributor on one side of the apparatus 1s equal and
opposite to that of the pistons of each distributor on the
other side of the apparatus. The piston driving means
reciprocates the piston connecting means over a dis-
tance by which the pistons can be moved within the
stroke of the distributors. In this way. when those pis-
tons of a group of solution distributors on one side of the
apparatus. which face a group of solunion distributors
on the other side. are retracted into their cviinders. for
example. those pistons of the group of the solution dis-
tributors on the other side will be extended from their
cvlinders. And when the situation is reversed. the re-
spective groups of the solution distributors will then be
operated 1n reverse. Thus. the automatic solution mix-
Ing apparatus according to the present invention will
perform the soluuion mixing operation by operating at
least two groups of solution distributors in one opera-
tion 1in which the distributors of one group suction solu-
tions while the distributors of the other group discharge
solutions. As a result. a solution mixing operation is
effected accurately without the need for a large auto-
matic solution mixing apparatus.

The present invention together with further objects
and advantages thereof may best be understood by re-
ferring to the following detailed description. taken in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a schematic diagram of a conventional auto-
matic solution mixing apparatus:

FIG. 2 1s a perspective view of an embodiment of an
automatic solution mixing apparatus according to the
present invention:

FIG. 3 15 a partal cross-sectional view of a main
portion of the apparatus shown in FIG. 2:

F1G. 4 1s a perspective view of a coupling portion of
the apparatus shown n FIG. 2: and

N
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FIG. § 1s a block diagram of an embodiment of a
control unit for the automatic solution mixing apparatus
according to the present invenuon.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In FIGS. 2 and 3 depicting one embodiment of an
automatic solution mixing apparatus according to the
present invention. a plurality of groups of solution dis-
tributors 101-1, 101-2. . . ., 101-n# and 201-n, 201-2. .. ..
201-n suction and discharge solutions by the backward
and forward movement of their respective pistons. The
cvlinders in each such group are disposed in parallel and
are spaced apart appropriately in the longitudinal direc-
tion of a pair of flat bases 301¢ and 3015, respectively.
which extend paralle] 1o each other so that the groups
of pistons 107 and 207 face each other in coaxial align-
ment, the cylinders being mounted to the bases in a
horizontal state. It is to be noted that the respective
solution distributors fixed on the bases 301¢ and 30164
may be referred to merely as the solution distributors
101 and 201. respectively.

The solution distributors 101 and 201 mentioned
above comprise the cvlinders 101¢ and 201a, and pis-
tons 1015 and 2015 reciprocating in these cylinders. The
pistons 10156 and 2016 of the solution distributors 101
and 201 are respectively connected with a common
movable base plate 302 through connecting rods 107
and 207. With this construction. the solution distribu-
tors 101 discharge solutions and the solution disiribu-
tors 201 suction the same when the common base plate
302 1s moved to the left in the figures., whereas the
solution distributors 201 discharge solutions and the
solution distributors 101 suction the same when the
common base plate 302 is moved to the right in the
figures. Each of the solution distributors 101 and 201
has a solution intake/discharge port A directed verti-
cally from the closed end of the cyvlinders 101a and
201a. respectively. Three-wayv solenoid valves 103-1.
103-2. .. .. 103-n (represented by the valves 103 herein-
after) are respectively connecied to the solution in-
take/discharge ports A of the distributors 101 through
intake/discharge pipes 155-1, 155-2. . . ., 155-n (repre-
sented by pipes 135 hereinafter). Similarly. three-wayv
solenoid valves 203-1. 203-2. . . .. 203-1 (represented by
valves 203 hereinafter) are respectively connected to
the solution intake/discharge poris A of the distributors
201 through intake/discharge pipes 255-1. 255-2. . . . .
235-n (represented by pipes 255 hereinafier). Each of
the three-way solenoid valves 103 has a normally open
port (NO), common port (COM) and normallv closed
port (NC). wherein the normally open ports NO are
respectively connected to solution tanks 104-1, 104-2, .
.., 104-n (represented by solution tanks 104 hereinafter)
through solution pipes 115-1, 115-2, . . ., 115-n (repre-
sented by solution pipes 118 hereinafter), and the com-
mon ports COM are respectively connected to the cyl-
inders 101a through intake/discharge pipes 155, and the
normally closed ports NC are respectively connected to
solution receivers 105-1, 105-2, . . ., 105-n (represented
by receivers 105 hereinafter) through injection pipes
102-1. 102-2. . . ., 102-1 (represented by injection pipes
102 heremnafier). When the solenoid of each valve is
energized (turned on). the passage (COM-NC) will
open to place the injection pipes 102 associated with the
respective receivers 105 in communication with the
solution distributors 101, whereas when the solenoid of
the valve 15 de-energized (turned off). the passage
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(COM- \O) wil] be open to place the pipes 115 assOCi-
ated with the IHHLS 104 in communication with the
solution distributors 101.

Similarly. each of the three-wav solenoid valves 203
- has the same construction as those of the three-way 5§
solenoid valves 103. | |

In each of the tanks 104 (204). there is prm-'ided an
agitator 152 (252) which agitates a condensed solution
contained in the tank. The receivers 105 (205) are re-
spectively mounted on a turntable or belt convever (not 10
shown) so that they can be moved into alignment with
the nozzles of the injection pipes 102 (202). For exam-
ple. the first receiver 105 receives a desired amount of
the first solution through the injection pipe 102-1 of the
solution distributor 101-1. and this receiver 105-1 is 15
moved to the second position corresponding to the
injection pipe 102-2 of the solution distributor 101-2 1o
- receive a desired amount of the second solution there-
from. In this way. i.e.. by moving the receivers to the -
injection pipes of desired solution distributors so as to 20
“receive their individual solutions. the solutions are
mixed. Although, in this embodiment shown in FIG. 2.
the solution distributors 101 (201) are individually pro-
vided with solution receivers 105 (205) connected
thereto for receiving solutions. a pair of solution receiv- 2
ers may be provided as shown in FI1G. 1:1n other words,
one solution receiver i1s provided in association with the
solution distributors 101 for receiving the solutions
~1jected through the respective mjecuon pipes 102 and
the other solution receiver is similarty provided in asso- 30
ciation with the solution distributors 201.

Moreover. although respective ingredient solution
tanks 104 (204) are provided for each of the solution
distributors 101 (201). there may be provided a single
ingredient solution tank for receiving solutions fed from 35
a plurahty of solution distributors 101 (201) through a
plurality of solution pipes 115 (215).

As shown in FIGS. 3 and 4. metal rings 101¢ (201¢)
are mounted on the end poruons of the piston 10154

Lhn

- (2015). and coupling mechanisms 106 (206) are provided 40

for coupling the metal rings 101¢ (201¢) with the con-
necting rods 107 (207) which are fixed with the com-
mon base plate 302 by rod hnkage metal fittings 108
(208). It is noted that. although FIG. 4 shows these parts

only on the side of the solution distributors 101, their 45

arrangement 1s identical with that of those on the side of
the solution distributors 201 and the e.xp]anatlon thereof
1s omitted for brevity.

Each couphng 106 includes a forked “U"-member S0
fixed on the end surface of the metal ring 101¢ and a 50
joint member 31 connected to the connecting rod 107.
The forked member 50 comprises two arms 50g and 505
appropriately spaced apart from each other. each hav-
ing an oval recess 50c having its longer axis running
perpendicularly to the longitudinal direction of each of 55
- the arms 30g and 306 and open at one end thereof. The
joint member 51 has a fla1 connecting plate 515 which is
removably inserted 1n the space between the arm p]ates
50c and 50b and is attached thereto. The connecting
plate 51b of the joint member §1 has a cyhindrical stem 60
rod 51c extending perpendicularly through the center of
the connecting plate 515 and fixed thereto. The cylin--
drical stem rod 51c is shidingly movable in close contact
with the surfaces defining recesses 50¢ in the arm plates
50¢ and 50b. That is to sav. the forked member 50 and 65
the joint member 51 are engaged with each other in
such a way that the connecting plate 515 is inserted in
the space between the arm plates 50a and 500 of the

6

_forked member 50 with the stem rod 51c received in the
recesses 50c. The coupllnﬁ mechanism 106 thus con-
- structed is advantageous in that it allows flexibility of

the angles that the solution distributors 101 make with
respect to the connecting rod 107 fixed to the common
base plate 302 through the rod linkage metal fitting 108,
thereby facilitating an adjustment of the solution distrib-
utors 101. The connecting rod 107 comprises a round
bar with threaded ends and a hexagon nut 52 fixed at the
intermediate portion thereof and through which the

“round bar is passed. The connecting rod 107 has one
threaded end portion engaged 1n a threaded hole open
- .at an end surface 51d of the joint member 31 opposite to

the connecting plate 515 and has the other threaded end
portion engaged in a threaded hole formed at an end
surface of the rod linkage metal fitting 108 fixed on the
common base plate 302. |

In this way the piston 1016 of each of the solunon-
distributors 101 is connected to the common base plate
302 through a coupling mechanism 106 and connecting
rod 107. In addition, by turning the hexagon nut 352
fixed on the intermediate portion of the connecting rod
107. the length of the portion of the connecting rod 107
inserted in the joint member 51 and the length of the
portion thereof inserted 1n the rod hnkage metal fitting
108 can be adjusted to perform a fine adjustment of the

position of the piston 1015 relative to the c:\]mder 101.:2

of the solution distributor 101.

As shown in FIGS. 2 and 3. the common base plate
302 is supported by a supporting block 305 which is
movable longitudinally in the figures. Through a base
member 320 of the supporting block 305, there are pro-

vided two guide bars 303 extending horizontally 1n

parallel with an appropriate space therebetween.
whereby the supportmg block 305 is guided for right-to-
left movement in the ﬁgures In the middle portion of
the base member 320 there is formed a threaded hole

321 through which a shifting screw 304 in the form of a

ball screw 1s 1nserted. so that the supporting block 305.
1.e.. the common base plate 302. can be moved right and

left in the figures by rotating the shifting screw 304.

Two posts 305z extend vertically at the both ends of
the top surface of the supporting block 305, and the
common base plate 302 is fixed on the posts 3054 on the
supporting block 305. The rod linkage metal fittings 108
and 208 are fixed face-to-face on the common base plate
302. A pluralm of these metal fittings 108 (208) are
arranged in positions corresponding to the solution

“distributors 101 (201) 1nstalled on the base 301a (3010).

In this embodiment. a solution distributor 101. connect-

‘ing rod 107, pair of rod linkage metal fittings 108 and
208, connecting rod 207 and solution distributor 201 are

disposed in alignment. Since the common base plate 302
i1s flat, there 1s an advantage in that the rod linkage metal
fittings 108 (208) can be easily fixed on the base plate
302 and detached therefrom so that parts including the
solution distributors 101 (201) can be easily maintained.

When providing a rod linkage metal fitting which
may be freely adjusted relative to the common base

plate 302, 1n addition to the rod linkage metal fitting 108
shown i FIG. 2, the solution distributors can be ar-

ranged in four directions and the like. In this case. it is
necessary to compensate for the amount of movement
of the pistons correspondmg to that of the supporting
block 308. o

At one end of the shifting screw 304 1here 1S prowded
a pulley 308 which is linked through a belt, for example.

-with a pulley 309 mounted on a driving shaft of a driv-
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ing motor 310. The driving motor 310 is a reversible
stepping motor whose operating time is controlled by
the number of pulses supplied from a controller 30 to be
described later.

Thus. by operating the driving motor 310. the shifting
screw 304 1s rotated so as to move the supporting block
305 and the common base plate 302 right and left along
the longitudinal direction of the guide bars 303. The
supporting block 305 1s moved right and left in the
figures in the space between the opposing pistons 10154
and 2015 of the solution distributors 101 and 201. In this
embodiment, the supporting block 305 is moved longi-
tudinally in an opening 307 formed in a substrate 301 1o
which the solution distributors 101 and 201 are fixed.

In order to detect the limit positions of the longitudi-
nal movement of the supporting block 305. there are
provided limit switches 311¢ and 3116 on a fixed frame
(not shown) for sending signals to stop the rotation of
the driving motor 310. And there are provided detec-
tion bars 312 protruding from the supporting block 305
in the longitudinal direction for actuating the limit
switches 311e and 3116 when the supporting block 305
reaches the specified limit positions thereof. The limit
positions are set within a range in which the pistons

1016 and 2016 can be moved in the cvlinders 101¢ and 2

201a of the solution distributors 101 and 201 fixed on the
both sides on the substrate 301. |

In order to lubricate the pistons 10156 (2015) within
the cvhinders 101z (201a). lubricant such as water or oil

will be dropped from a location above the pistons 1015 :

(20156) when the pistons are pulled out from the cvlin-
ders of the solution distributors 101 (201). and there are
provided lubricant receivers 109 and 209 on the sub-
strate 301 for receiving the lubricant. In this embodi-
ment. a shifting unit 313 includes the guide bars 303.
shifting screw 304 and supporting block 305 under a
lower surface 301c¢ of the substrate 301 so as to consti-
tute a unit integrated with the substrate 301.

In this arrangement as mentioned above. when the
supporting block 3035 is shifted to the left in the figures
for example. the pistons 10156 will be retracied into the
cvhinders 101le¢ (forward). and at the same time. the
pistons 2016 will be extended from the cvlinders 2012
(backward). When the supporting block 305 is shifted 10
the right. the pistons 1016 and 2015 are operated in
reverse wWith respect to the operation mentioned above.

Accordingly. when the pistons 1014 are extended
from the cyhinders 101a for example. since the three-
way solenoid valves 103 are opened to the ingredient
solution tanks 104. the solution distributors 101 will
suction the solution contained in the solution tanks 104
into the cylinders 101a through the three-wayv solenoid

valves 103 and intake/discharge ports A. At the same

time. the solution distributors 201 will discharge the
solution 1n the cylinders 201a through the intake/dis-
charge ports A to the solution receivers 205 under the
retraction of the pistons 2014 into the cylinders 201a.
Conversely, when the pistons 2015 are extended from
the cvlinders 2014, since the three-way solenoid valves
.. 203 are opened to the ingredient solution tanks 204. the
solution distributors 201 will suction the solution con-
tamed in the solution tanks 204 into the cvlinders 201q
through the three-way solenoid valves 203 and intake/-
discharge ports A. At the same time. the solution dis-
tributors 101 will discharge the ingredient solution in
the cylinders 101a through the intake/discharge ports
A under the retraction of the pistons 1015 into the cvlin-
ders 101a.

10
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The operation of this embodiment of the automatic
solution mixing apparatus having the structure men-
nnoned above will now be described with reference to
FIGS. 2,3 and S. To help one understand the operation.
those solution distributors for distributing the solutions
will be described in terms of the illustrated embodiment
in which the distributors are arranged on the right and
left sides of the common base plate 302 in FIG. 2. In the
discussion. suffixes L. and R depict items relating 1o the
solution distributors 101 and 201 on the left and right.
respectively.

For arriving at the number of pulses of the signal to

be fed to the driving motor 310, the relation between

the number of revolutions of the driving motor 310
depending on the number of the pulses supplied to the
motor 310 and the amount of the ingredient solution
discharged from each of the solution distributors 101
and 201 corresponding to the movement of the support-
ing block 305 driven by the rotation of the driving
motor 310 is previously obtained experimentally. so that
the numbers of the pulses per a unit discharge amount of
the solution by each of the solution distributors 101 and
201. 1.e.. POIL and POiR (pulses/milliliter) are respec-
uvely registered in a first memory 31 in the controller
30 as shown 1n Table 1. |

TABLE |
NUMBER OF
DISTRIB- PULSES PER UNIT
SOLUTION SOLUTION UTOR INTAKE SO-
NAME TANK IN USE LUTION AMOUNT
AlL 104-1 101-1 POIL
AlR 204-1 201-1 POIR
AJL 104-2 101-2 PO2L
AR 204-2 201-2 PO2R
AilL 1041 101-1 POIL
AIR 204-1 2014 -POIR

The numbers of input pulses PmL and PmR corre-
sponding 1o the largest strokes of each of the respective
pistons 1015 and 2015 of the solution distributors 101
and 201. 1.e.. the largest distance over which the pistons
1016 and 2016 can be moved from end-to-end in the
cyvlinders 101a and 201a. are set and registered in a third
memory unit 34 1n the controller 30. The sums of the
content volume of the intake/discharge pipes from the
mtake/discharge ports A to the three-way solenoid
valves. the remaining content volume of the three-wav
solenoid valves. the content volume of the ingredient
solution pipes between the three-wayv solenoid valves

- and the solution tanks and some extra content volume:

60

63

for safety are individually obtained for the solution
distributors 101 and 201. In connection with the solu-
tion distributor having the largest sum among those
obtained. the numbers of pulses PnL and PnR to be fed
to the driving motor 310 which correspond to the
movement amount of the piston required for discharg-
ing the solution of the content volume mentioned above
are registered in a fourth memory 35 in the controller
30. The numbers of the pulses PnL and PnR may also be
obtained experimentally.

The numbers of pulses PnL. and PnR registered in the
fourth memory unit 35 are fed to a first comparator unit
37 tor comparing the numbers of pulses PnL and PnR
with the counted values PiL and PiR fed from an adder
42 10 be described later.
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When the data of the names of solutions and their

respective target injection amounts QiL. and QiR are fed

to the controller 30. the numbers of pulses POIL and

-POIR per unit discharge amount of the ingredient solu-.

“tion of the solution di%trlbumr connected to the solution
“tank which contains the solution in question are entered
in the first memory unit 31. and the numbers of pulses
PQiL and PQIR corresponding to the target injection

th

amounts QiL and QiR are calculated in a first calcula-

tion unit 32 by the following equations:
POI1L =Pl > QiL.. and PQIR =POiR = Q1R

In addition. 1n the first calculaton unit 32, the calcu-
lated target numbers of pulses PQiL and PQiR are di-
vided by the produced pulse numbers PmL and PmR
respectively corresponding to the largest distances
mentioned above for the pistons to be moved. and sub-
sequently, the respective quotients as the numbers of
mjections nL. and nR and their residuals as the numbers
of the last injection pulses PgiLL and PqiR are registered
in the second memory 33 as shown in Table 2. The
numbers of injections nL and nR are positive integers O.
1. 2....and n=0means the first injection. Accordmg_]x
when the numbers of injections nL and nR are 0. ‘the
target pulse numbers PQiL and PQ1R become equal 10
the last injection pulse numbers Pqil. and PgiR.
The largest values of the counted numbers of injec-
tions nL and nR are registered in an injection number

memory unit 43, and the pistons 1016 and 20156 of all the -

- solution distributors 101 and 201 perform reciprocal
movements that number of times. In Table 2. it is indi-
cated that each of ingredient solutions A3L and A3R 1s
not injected.

TABLE 2

TARGET
'DISTRIBU-  PULSE
TOR USED NUMBER

101-1 POQIL.
01 POIR
101 PQiL
201- PQiR
101- —
20]-

SOLUTION
TANK

104- 1
204-1
104-2
2042
104-
204-

SOLUTION
NAME

AlL
AIR
AlL
A2R
A3l
AR

I b e 10 O

ad taa b A D

Yal Tl

'PQiL
PQiR

101-1
201-1

1041
204-)

AL

AR nkR

Moreover. the solution distributors 101 and 201 are
moved approximately the same distance. and the diame-
ters thereof may be different from each other. |

By increasing the bore of one or more of the cylinders
of the solution distributors 101 and 201, large amounts

of ingredient solutions can be suctioned and discharged
by the same amount of movement of the pistons 1015
and 2015. thereby reducing the period of time required
for suctioning and discharging the ingredient solutions.
On the other hand, by reducing the bores of the cylin-
ders of the solution distributors 101 and 201, smaller

amounts of ingredient solutions can be suctioned and
~discharged by the same amount of movement of the

pistons 1015 and 2015, thereby improving the accuracy
- of the sucuioming or discharging of the solution. That is.
since the distance over which the pistons 1015 and 2015

are to be moved is fixed. a smaller sectional area of the

bores of the cvlinders of the solution distributors 101

and 201 enables a rather small amount of solution to be

10

20

b
*h

INJECTION
TIMES

nL

50
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dlstrlbuted so that a high degree of distribution can be
obtained. | |
Theretore, by selectmg a suitable bore for the cvlin-
ders of the solution distributors 101 and 201 correspond-
ing to the ingredient solution used and the distribution
amount thereof, a desired mixing of solutions can be

performed by a smaller number of reciprocal move-

ments of the pistons 1014 and 2015.

Generally speaking. in order to cover a wide range of
solution concentrations by plural solution distributors
of the same cylinder bore, it is necessary to prepare
several concentrations of the ingredient solutions to be
suctionied mto the solution distributors since the range

~of the injection amount of the distributors is limited.

However, by preparing a plurality of solution distribu-
tors having different cylinder bores for ingredient solu-

tions of the same concentration, a wide range in the

amounts of solutions discharged can be covered with-
out increasing the number of solution tanks, so that a
wide range of solution concentrations can be covered.

Therefore, there is an advantage in that the number of
solution mixing operations required for one kind of
ingredient solution can be decreased and more kinds of
solutions can be used In one automatic solution mixing
apparatus.

The automatic solution mixing operation actually
performed by each of the solution distributors 101 and
201 will be now described hereinafter for each operat-
ing step. In the following description. it is noted that the
solution distributors 101 represent all the solution dis-
tributors disposed on the left side in FIG. 2. while the
solution distributors 201 represent all the solution dis-

tributors disposed on the right side.

[1] SUCTION AT THE SOLDTIO\ DISTRIBL’--

LAST
INJECTION
PLULSE
NUMBER
Pq:l.
PaiR
Pqil
PgiR

PqiL
PgiR

TORS 101; DISCHARGE AT THE SOLUTION

- DISTRIBUTORS 201

When an operation start-up 31gnal is 1ssue_d to the

~ controller 30, the driving motor 310 is operated (1o

33

60

rotate counterclockwise, for example) so as to move the
supporting block 308§ to the right in FIGS. 2 and 3. At
this time, the three-way solenoid valves 103 are de-ener-
gized to open the valve passages COM-NO to the solu-
tion tanks 104. Accordingly, the pistons 1015 of the
solution distributors 101 are moved backward accord-
ing to the right-hand movement of the supporting block
105. namely. the common base plate 302; so that the
ingredient solutions in the solution tanks 104 are suc- -

- tioned and fed into the cylinders 101a of the solution
- distributors 101. |

At this time. the three-way solenmd xah es 203 at the

“side of the solution distributors 201 opposing the solu- -

tion distributors 101 are de-energized to open the valve
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passages COM-NO 10 the solution tanks 204. Accord-

ingly. the pistons 2016 of the solution distributors 201

are moved forward according to the right-hand move-
ment of the common base plate 302, so that the remain-
Ing ingredient solunions (air if the solutions are not pres-
ent) in the cviinders 201a are discharged and fed into
the solution tanks 204. |

The drving motor 310 is rotated to move the sup-
portuing block 3035 to the right until the detecting bar 312
fixed to the supporting block 305 comes in contact with
the himit switch 3116 When the supporting block 305
reaches the limit position on the right-hand side and the
limit switch 3115 1s operated by the detecting bar 312. a
right-hand movement completion signal is transmitted
from the limit switch 31154 to a calculation control unit
36 1n the controller 30 Then. the calculation control unit
36 interrupts power supply to the driving motor 310
through a driving motor control unit 40 so as to stop the
rotation of the motor 310 and set the movement amount
count value P1 of the supporting block 305 stored in the
adder 42 to zero. The movement amount count value Pi
1s a value obtained by counting the number of pulses of
the pulse signal fed to the driving motor 310 to control
the operation thereof. The calculation control unit 36
sends a signal for setting the number of injections to
zero to the mjection number memory unit 43.

[2] AIR BUBBLE EJECTION AT THE SOLUTION
DISTRIBUTORS 101: SUCTION AT THE SOLU-
TION DISTRIBUTORS 201

Next. the controller 30 reverses the driving motor
310 (clockwise rotation. for example) through the driv-

ing motor control unit 40 so as to move the supporting

block 303 1o the left. The pulse signal fed to the driving
motor 310 is at the same time fed to the adder 42 from

the driving motor control unit 40. and the number of :

pulses fed 10 the adder 42 1s additively accumulated

therein. In this case. since all of the three-wav solenoid .

>

10

30

Y
Fn

valves 103 associated with the solution distributors 101 |

are held de-energized. the valve passages are opened 10
the solution tanks 104. At this time. the three-wav sole-
noid valves 203 of the solution distributors 201 opposing
the solution distributors 101 are de-energized with the
valve passages opened to the solution tanks 204.

Accordingly. the pistons 20156 of the solution distribu-
tors 201 are backward. in other words. moved extended
from the cvlinders according to the lefi-hand movement
of the supporting block 3085. so that the ingredient solu-
tion in the solution tanks 204 are suctioned into the
cvhnders 201a of the respective solution distributors
201. |

The count value Pi added in the adder 42 in accor-
dance with the operation of the driving motor 310 is
successively fed to the first comparator 37 through the
calculation control unit 36, and the first comparator 37
compares the count value Pi with the pulse number PnL
fed from the fourth memory unit 35. When the count
value P1 becomes equal to the pulse number PnL. the
first comparator 37 sends out the signal for stopping the
rotation of the driving motor 310 so as to once stop the
rotation of the driving motor 310. In addition. the calcu-
lation control unit 36 sets the added value added in the
adder 42 to zero according to the signal supplied from
the first comparator 37.

The purpose of moving the pistons 1015 of the solu-
tion distributors 101 once 1o the left is to push back all
of the air bubbles mingled in the solution distributors
101 10 the solution tanks 104 during the solution suction
operation so as to ensure that there are no air bubbles

40
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present between the intake/discharge ports A of the
solution distributors 101 and the three-wav solenoid
valves 103. Such an air bubble ejection may be per-
formed during the end-to-end movement of the pistons.
and the solutions ejected from the cvlinders can be
either returned to the solution tanks or disposed of. In
this case. the ingredient solutions are again supplied to
the cvlinders 101a of the solution distributors 101.

[3] INDIVIDUAL DISTRIBUTION AT THE SO-
LUTION DISTRIBUTORS 101: SUCTION AT THE
SOLUTION DISTRIBUTORS 201

In response to the signal transmitted from the calcula-
tion control unit 36. the second comparator unit 39
energizes the three-way solenoid valves 103 associated
with one or more solution distributors 101 which are
required to discharge the solutions into the receivers
105. based on the data signals fed to the second memory
unit 33 from the first calculation unit 32 so as to open
the valve passages COM-NC of the three-wayv solenoid
valves 103 to place the solution distributors 101 in com-
munication with the receivers 105. Accordingly. when
the pistons 1016 of the solution distributors 101 are
moved forward. that is, when retracted into their cylin-
ders 101a. the ingredient solutions in the solution dis-
tributors are discharged into the receivers 1085.

At this nme. the three-way solenoid valves 203 of all

of the distributors 201 jocated on the right. oppositely

to the solution distributors 101, are de-energized and the
valve passages COM-NO thereof are opened to the
solution tanks 204. Accordingly. when the pistons 2015
of the solution distributors 201 are moved backward
according to the left-hand movement of the common
base plate 302. the ingredient solutions in the solution
tanks 204 are suctioned into the cvlinders 201c of the
solution distributors 201.

Subsequently. the calculation control unit 36 operates
the driving motor 310 through the driving motor con-
trol unit 40 so as to move the common base plate 302 1o
the left. Therefore. the ingrediént solutions are dis-
charged from the corresponding solution distributors
101 10 the receivers 105. and at the same time. the pulse
signal supplied to the driving motor 310 is fed to the
adder 42. which accumulates the number of pulses and

“sends the accumulated value to the calculation control

unit 36 successively.

The second comparator unit 39 compares the target
number of pulses of the solution distributors 101 with
the number of pulses supplied from the adder 42. When
the smallest value PQIL of the target number of pulses
becomes equal to the number of pulses produced from
the adder 42, the second comparator unit 39 sends a
signal for stopping the rotation of the driving motor 310
temporarily to the driving motor control unit 40. The
second comparator unit 39 further de-energizes the
three-way solenoid valve 103-i connected to the solu-
tion distributor 101-/ corresponding to the target num-
ber of pulses PQIL through a three-way solenoid valve

~control unit 38.

Accordingly. the ingredient solution in the solution
distributor 101-/ is prevented from being discharged to
the receiver 105-;, and thereafter. the ingredient solu-
tion in the solution distributor 101-/ is discharged to the
solution tank 104-;.

In this embodiment. although the valve passages of
the three-way solenoid valves 103 are switched over
after the driving motor 310 has been temporarily
stopped. 1t 1s also possible to switch over the valve
passages of the three-way solenoid valves 103 without
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temporarily stopping the rotation of the drixing motor

310. In this case. the time required for distributing the
solution can be shortened.
On the other hand. at this time. since all the three-

way solenoid valves 203 of the solution distributors 201
are de-energized. the valve passages COM-NC thereof

are opened to the solution tanks 204. and even when the
~flow of the discharged solution from the three-way

~solenoid valve 103-/ of the solution distributor 101-/ is

changed. the pistons 2014 are moved backward in ac-
cordance with the left-hand movement of the support-
ing block 305 as mentioned above. and the ingredient

solutions in the solution tanks 204 are successively suc-

tioned 1nto the cylinders 201a of the solution distribu-
tors 201.

5.177.693
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At this ume. the three—wa}* solenoid valves 203 asso-
ciated- with the solution distributors 201 are de-ener-
gized and their valve passages COM-NO are opened 1o

~ the solution tanks 204. Accordingly. the pistons 2015 of

q

10

the solution distributors 201 are moved backward in
accordance with the left-hand movement of the com-
mon base plate 302, and the ingredient solutions in the
solution tanks 204 are continuous!y suctioned into the
cylinders 201a of the solution distributors 201 until the
left-hand limit switch 311z is turned on so as to stop the
common base plate 302. When the pistons 2015 reach
the backward limit position and the limit switch 311a is

- actuated by the detection bar and sends out the signal

15

Subsequemh the calculation control unit 36 operates .

~ the driving motor 310 again to move the common base

nlate 302 to the left. As in the operation r_nentioned.
above. the second comparator unit 39 compares the

next smallest value PQIL of the target number of pulses
with the number of pulses produced from the adder 42.
When the next smallest value PQIiL is equal to the num-
ber of pulses produced from the adder 42. the rotation
of the driving motor 310-is temporarily stopped again
and the associated three-way solenoid valve 103-/" is
de-energized. |

On this occasion too. since the three-way solenoid
- valves 203 associated with the solution distributors 201
are de-energized. their valve passages COM-NO are
opened to the solution tanks 204. Therefore, even when
the flow of the solution in the three-wayv-solenoid valve
103-/" associated with the solution distributor 101-/" is
changed. the pistons 2016 are moved backward in ac-
cordance with the left-hand movement of the common
base plate 302 as mentioned above. and the ingredient
solutions in the solution tanks 204 are successively suc-

tioned into the cvlinders 201a of the solution distribu-

tors 201.
In this way,
which has attained the solution mixing operation corre-

starting from the solution distributor
40

20

for stopping the rotation of the driving motor 310, the

number of injections to be stored in the injection num-
ber memory unit 43 is replaced with a value that is one
less than the current number. of pulses stored in the
memory unit 43. |
[5} SUCTION IN THE SOLU”I'IO.Nr -DISTRIBU- |
TORS 101; AIR BUBBLE EJECTION, MEASURE-

.. MENT AND RETUKN AT THE SOLUTION DIS-

TRIBUTORS 201
Next. in the case where the injection number sent out
from the 1njection number memory unit 43 is not zero.

‘the calculation control unit 36 reverses the rotation of
‘the driving motor 310 and operates the driving motor

- 310 unul the nght-hand limit switch 3115 is turned on.

30

35

sponding to the target number of pulses set in the sec-
ond memory unit 33. the valve passages of the three-

way solenoid valves 103 associated with the corre--

sponding solution distributors are switched over so as to
be open to the solution tanks 104 and thereby complete
the discharge of the solutions into the receivers 10S.
[4] DISCHARGE OF REMAINING SOLUTION IN
THE SOLUTION DISTRIBUTORS 101: SUCTION.
AT THE SOLUTION DISTRIBUTORS 201 |
The third comparator unit 41 compares the number
of pulses supplied from the adder 42 with the number of
pulses PmL for the largest piston movement of the

- when the pulse numbers are coincident with each other,

the rotation of the driving motor 310 for moving the
supporting block 305 to the left is stopped and all the
three-way solenoid valves 103 associated with the solu-
tion distributors 101 are de-energized and the valve
passages thereof are switched over to be opened to the
- solution tanks 104. The number of pulses PmL indicates

In this case, the supporting block 305 does not move
from the left end to the right end but moves as described
later. Accordingly. since the common base plate 302
connected to the pistons 10156 of the solution distribu-
tors 101. 1.e.. the supporting block 305. 1s moved to the
right, the ingredient solutions are suctioned from the
solution tanks 104 into all of the solution distributors
101. In addition, by turning on the limit switch 3115 as
mentioned above, the calculation control unit 36 sets to
zero the count value Pi for the amount of movement of
the supporting block 305 to be stored 1n the adder 42.
The operation from the time when the left-hand limit
switch 311¢g 1s turned on to the time when the right-
hand limit switch 3115 is turned on will be hereinafter
described with regard to the solution distributors 201
located at the right side.
[5-1] SUCTION IN THE SOLUTION DISTRIBL-
TORS 101: AIR BUBBLE EJECTION IN THE SO-

- LUTION DISTRIBUTORS 201

When the limit switch 311a is turned on. the pistons
2015 of the solution distributors 201 are fully extended

~ to the leftmost position with the three-way solenoid

50

. solution distributor set 1n the third memory unit 34, and

335

valves 203 opened to the solution tanks 204, so that
every cylinder 201 is filled with each 1ngred1ent solu-
tion.

Then the controller 30 reverses the rotation of the .
driving motor 310 (counterclockwise rotation, for ex-
ample) to move the supporting block 305 to the right.

The pulse signal fed to the drmng motor 310 from the

driving motor control unit 40 is at the same time fed to
the adder 42 and the number of pulses fed to the adder

42 is additively accumulated in the adder 42.

60

the number of pulses which corresponds to the amount

of movement of the detection bar 312 necessary to actu-
- ate the limit switch 311a at the left side for sending the

detet:tion_ signal when the pistons 1016 are completely
inserted into the cvlinders 181a of the solution distribu-

65

tors 101. Therefore. the imit switch 3112 nav be omit-

ted by using the number of pulses PmL corresponding
10 the largest amount of movement of the pistons 1015.

The count value Pi added in the adder 42 is succes-
sively fed to the first comparator unit 37 through the

~calculation control unit 36. The first comparator unit 37

compares the count value P1 with the number of pulses

PnR supplied from the fourth memory unit 35. When

the count value Pi becomes equal to the number of
pulses PnR. the first comparator unit 37 sends out a

signal to the driving motor control unit 40 for stopping

the rotation of the driving motor 310. Thus. the rotation



3.177,693

15
of the driving motor 310 is temporarily stopped. In
addinion. 1n response to the output signal of the first
comparator unit 37, the calculation control unit 36 sets
the added value in the adder 42 10 zero.

The purpose of moving the supporting block 305
temporarily 1o the right is to push out all the air bubbles
mingled in the solution in the solution distributors 201
during the solution suction operation to the solution
tanks 204 so as to ensure that there are no air bubbles
present between the solution distributors 201 and the
three-way solenoid valves 203.

[5-2] SUCTION IN THE SOLUTION DISTRIBU-
TORS
THE SOLUTION

DISTRIBUTORS 201

Next. 1n response to the signal transmitted from the
calculation control unit 36. the second comparator unit
39 energizes the three-wayv solenoid valves 203 associ-
ated with the solution distributors 201 required to dis-

charge the solutions into the receivers 205 based on the

data supplied to the second memory unit 33 so as to
place the solution distributors 201 in communication
with the receivers 205. Accordingly. when the pistons
2015 of the solution distributors 201 are moved to the
right. the solutions in the solution distributors 201 are
discharged 1nto the receivers 2085.

Next. the calculation control unit 36 sends a signal to
the driving motor control unit 40 for operating the
driving motor 310 to move the supporting block 305 to
the right agam. Therefore. the solutions-are discharged
from the corresponding solution distributors 201 into

10

101: INDIVIDUAL DISTRIBUTION IN

t2
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the receivers 205. and at the same time. the pulse signal

supplied to the driving motor 310 is fed from the driving

motor contro!l unit 40 to the adder 42 which accumu- :

lates the number of pulses and sends out the accumu-
lated value to the calculanon control unit 36 succes-
sively.

The second comparator unit 39 compares the target
numbers of pulses of the solution distributors 201 with
the number of pulses supplied from the adder 42. When
the smallest value PQIR of the target numbers of pulses
becomes equal to the number of pulses produced by the
adder 42. the signal 1s transmitted from the second com-
parator umt 39 1o the driving motor control unit 40 for
temporarily stopping the rotation of the driving motor
310.

Then. the second comparator unit 39 sends a signal to
the three-wayv solenoid valve control unit 38 for de-
energizing the three-way solenoid valve 203-/ associ-
ated with the solution distributor 201-/ and correspond-
ing to the target number of pulses PQiR. By this opera-
tion. the solution 1n the solution distributor 201-/ is not
discharged into the receiver 205 thereafter. but is dis-
charged into the solution tank 204-;. |

Moreover, in this operation, since all the three-way
solenoid valves 103 associated with the solution distrib-

utors 101 are de-energized. the valve passages COM-

NO of the three-way solenoid valves 103 are opened 1o
the solution tanks 104. Therefore, even when the flow
of the solution through the three-wav solenoid valve
203-i associated with the solution distributor 201-/ is
changed. the pistons 1015 are moved backward.
namely. are extended from the cvlinders 1014 1n accor-
dance with the rnight-hand movement of the supporting
block 305 as mentioned above, so that the solutions in
the solution tanks 104 are suctioned into the cvlinders
101c of the solution distributors 101.

40
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Subsequently., the calculation control unit 36 sends a
signal to the driving motor contro! unit 40 again for
operaung the driving motor. 310 to move the common
base plate 302 to the right. As in the manner mentioned
above. the second comparator unit 39 compares the
next smallest value of the target number of pulses PQiR’
with the number of pulses produce by the adder 42.
When the next smallest value PQIR’ becomes equal to
the number of pulses produced by the adder 42, the
rotation of the driving motor 310 is temporarily stopped
agam and the three-way solenoid valve 203-i corre-
sponding to the next smallest target number of pulses
PQiR"1s de-energized. By this operation, the solution in
the solution distributor 201-/" i1s prevented from being
discharged into the receivers 205, and thereafter, the
solution ts discharged into the solution tank 204-/".

Also, 1n this operation. since all of the three-wav
solenoid valves 103 associated with the solution distrib-
utors 101 are de-energized. their valve passages COM-
NO are opened to the solution tanks 104. Therefore, as
mentioned above. even when the direction of the flow
of the solution through the three-wayv solenoid valve
203-/" associated with the solution distributor 201-/" is
changed. the pistons 1015 are moved backward,
namely. are extended from the cvlinders 1014 in accor-
dance with the rnight-hand movement of the common
base plate 302. so that the solutions in the solution tanks
104 are suctioned into the cvlinders 101a of the solution
distributors 101.

In this way. the second comparator unit 39 sequen-

tially switches over the valve passages of the three-way
solenoid valves 203. corresponding to the solution dis-
tributors 201 opened to the solution tanks 204, as the
target number of pulses set in the second memory unit
33 are attained. thereby completing the discharge of the
solutions into the receivers 205.
[5-3] SUCTION IN THE SOLUTION DISTRIBLU-
TORS 101: REMAINING SOLUTION DIS-
CHARGE AT THE SOLUTION DISTRIBUTORS
201 |

The third comparator unit 41 compares the number
of pulses supplied from the adder 42 with the number of
pulses PmR for the largest piston movement of the
solution distributor set in the third memory unit 34, and
when the pulse numbers are coincident, the rotation of
the driving motor 310 for moving the supporting block
305 to the right is stopped and all of the three-wayv
solenoid valves 203 associated with the solution distrib-
utors 201 are de-energized and their valve passages
COM-NO are opened to the solution tanks 204. The
number of pulses PmR corresponds to the amount of
movement of the detection bar 312 required to actuate
the limut switch 3115 at the right side when the pistons
2015 are completely retracted into the cylinders 2014 of
the solution distributors 201. Therefore. the limit switch
31156 may be omitted by using the number of pulses
PmR corresponding to the largest distance of the move-

- ment of the pistons 2015.

60

When the limit switch 3115 sends out the signal for
stopping the rotation of the driving motor 310, the num-
ber of mnjections to be stored in the injection number
memory unit 43 1s replaced with a value that is one less
than the current number of pulses stored in the memory
unit 43. |

In this way. when the supporting block 305 is moved
to the right 1n FIG. 2 until the limit switch 3114 is actu-
ated. the first solution mixing operation is completed.
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and at the same time. the solution suction operation for
all of the solution distributors 101 is completed.

6] REPETITION OF THE PROCEDURES [1] TO

15

The automatic solution mixing operation mentioned
~above will be started again from this stage. That is. the
first comparator unit 37 operates the driving motor 310
- to move the supporting block 3035 to the left for ejecting

gy

air bubbles mingled in the solution in all of the solution

distributors 101 until the added count value PiL of the
number of pulses of the pulse signal supplied to the
driving motor 310 becomes equal to the number of
puises PnL stored in the fourth memory unit 35 during
the automatic solution mixing operation with respect to
the solution distributors ‘101. In this operation. since

every three-way solenoid valve 103 associated with the

solution distributors 101 1s de-energized. the solutions in
the solutuion distributors 101 are discharged into the
solution tanks 104. |

Also. 1n the solution distributors 201, in the manner as
mentioned above. the three-way solenoid valves 203 are
de-energized with their valve passages COM-NO
opened 1o the solution tanks 204. Accordingly. the pis-
tons 2016 of the solution distributors 201 are moved
backward in accordance-with the left-hand movement
of the supporting block 305. i.e. common base plate 302.
so that the ingredient solutions in the solution tanks 204
are fed into the cyvlinders 201a. | |

Similarly to the operation mentioned above. when
the air bubble ejection operation carried out with the
solution distributors 101 has been completed. the sec-
ond comparator unit 39 sends a signal to the three-wayv
solenoid valve control unit 38 for switching on the
three-wayv solenoid valves 103 associated with the solu-
tion distributors 101 having the number of injections n
which is equal to or more than 1. thereby opening their
valve passages COM-NC for discharging the solutions
into the receivers 105, The second comparator unit 39

operates the drniving motor 310 to move the supporting:
40

block 305 10 the left unul the number of pulses pro-
- duced by the adder 42 reaches the smallest number of
pulses among the numbers of pulses corresponding to
the remaining solution discharge amount.

When the number of pulses produced by the adder 42
reaches the smallest number of pulses mentioned above,
the second comparator unit 39 temporarily stops the

10

15

20

r-J
F

35

rotation of the driving motor 310 and switches off the

three-way solenoid valves 103 associated with the cor-
responding solution distributors 101 so that valve pas-
sages COM-NQ are opened to the solution tanks 104.

50

The second comparator unit 39 operates the driving

motor 310 again to move the supporting block 305 fur-
ther to the left. Also in this operation, the three-way
solenoid valves 203 associated with the solution distrib-
utors 201 are held in the off condition, and their valve

passages COM-NO are opened to the solution tanks

204. Accordingly. the pistons 2015 of the solution dis-
tributors 201 are moved backward in accordance with
the left-hand movement of the supporting block 308§, so
- that the ingredient solutions in the solution tanks 204 are
suctioned into the cylinders 201a. |

In this wayv. the controller 30 will repeat the opera-
tions mentioned above until the solution distributors 101
attain their target discharge amounts. Also. in this oper-
ation. the solution distributors 201 will repeat the opera-

18

Thus. in this embodiment of the automatic solution

‘mixing apparatus, by providing a plurahiry of solution -

distributors 101 and 201 located on either side of the
common base plate 302 on the supporting block 305

which is movable right-to-left with the pistons 1015 and

2015 of the solution distributors 101 and 201 connecied
to the common base plate 302. dual solution mixing
operations can be performed in the solution distributors -

- 101 and 201 arranged bilaterally. Therefore, even in the

case where a plurality of solution distributors are re-

quired. 1t 1s not necessary to install many assemblies in

which the driving gear of pistons and the solution dis-
tributors are combined, and therefore. the automatic
solution mixing apparatus need not be large. Moreover.
since the accuracy in the movement of the pistons of the
solution distributors holds for a number of solution
distributors, the solution mixing accuracy also 1s com-

‘mon to the respective ingredient solutions. Accord-
ingly,

the accuracy of proportional distribution ratio
between the I‘ESpECthE mgrediem solutions can be 1m-
proved.

Moreover. since a stepping motor is UII]IZEd as the
driving motor. the control of the operation thereof can -
be performed by controlling the number of pulses of the
pulse signal supplied to the driving motor 310. resulting
in the ehmination of a rotary encoder utilized in a con-
ventional apparatus. Therefore, a cost reduction may be
realized together with a simplification of the apparatus |
because of the elimination of the signal processing svs-
tem for a rotary encoder. and faulis relating to the ro-
tary encoder are obviated. The automatic solution mix-
ing apparatus according to the present invention can
attain the same solution mixing accuracy as that in the
conventional apparatus without utilizing a rotaryv en-

coder.

As described above. according to the present inven-
tion. by the provision of pistons of pairs of solution.
distributors placed face to face each other which move
in opposite directions to each other with respect to their
respective cylinders by the same amount, while the
solution distributors on one side perform the solution
distribution. the solution distributors on the other hand

can perform solution suction. As a result. a number of

solution distribution operations can be performed with a
single solution mixing operation without making the
automatic solution. mixing apparatus large in size. In
addition, since the piston movement amounts of the
solution distributors on both sides are the same. an iden- -

tical accuracy for solution distribution may be effected

for every distributor.
‘What is claimed is:
1. An automatic solution mixing apparatus COMPpris-

- mng:

60

63

~ tions mentioned above corresponding to the solution
. distributors 101 so as to perform Ihe automatic solution

mixing Operatlon

at least one pair of solution dlstrlbutors each of said
 distributors including a cylinder and a piston slid-
ably received 1n said cylinder so as to be reciproca-
table relative to said cylinder, and the distributors
of each said pair thereof being disposed opposite
one another in the apparatus with the pistons
thereof extendmg from their cyhnders In Opposne

- dtrections in the apparatus;

- a common base plate lnterposed between the distribu-
tors of each said pair thereof: |
plSIOl’l coupling mechanism coup]mg each of sald |
- pistons to said common base plate,

said coupling mechanism including a forked member
fixed to one of a respective said piston and said
common base plate. and a joint member fixed to the
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other of said respective piston and said common
base plate.

said forked member having a pair of arms each hav-
ing a recessed portion defining a recess therein. and

said joint member being received in the recesses de-
fined in the arms of said forked member and de-
tachably connected to said forked member at the
recessed portions of the arms thereof:

a supporting block supporting said common base
plate in the apparatus:

a shifting screw operatively connected to said sup-
porting block so as to move said supporting block
in the apparatus in respective directions causing the

*h

10

piston of each said solution distributor on one side

of said common base plate to extend and the piston
of each said solution distributor disposed opposite
thereto on the other side of said common base plate
to concurrentiy retract;

first pulley means connected to-said shifting screw for
transmitting drive to said shifting screw to rotate
said screw:: -

a stepping motor having an output shaft:

second pulley means connected to the output shaft of
said stepping motor for transmitting output of the
stepping motor: and | |

transmission belt means extending around said first
and said second pulley means for transmitting the
output of said stepping motor from said second
pulley means to said first pulley means 10 rotate
said shifung screw and move said supporting block.

2. An automatic solution mixing apparatus COmpris-

Ing: |

at least one pair of solution distributors. each of said
distributors including a cyvlinder and a piston slid-
ably received in said cylinder so as to be reciproca-
table relauive to said cvlinder. and the distributors
of each said pair thereof being disposed opposite
one another in the apparatus with the pistons
thereof extending from their cylinders in opposite
directions in the apparatus;

a plurality of solution tanks provided to supply solu-
tions to said solution distributors;

a plurality of solution receivers provided to receive

- solution from said solution distributors:

three-way solenoid valves operatively interposed
between each of said solution distributors and re-
spective ones of the solution tanks and solution
recervers associated therewith. each of said three-
way solenoid valves moveable between positions at
which valve passages of the valves place the solu-
tion distributor associated with the valve in open
communication with a said solution tank associated
with the distributor and with a said solution re-
ceiver associated with the distributor. respectively:

a common base plate interposed between the distribu-
tors of each said pair thereof:

a piston coupling mechanism coupling each of said
pistons to said common base plate.

said coupling mechanism including a forked member
fixed to one of a respective said piston and said
common base plate. and a joint member fixed to the
other of said respective piston and said common
base plate. |

sald forked member having a pair of arms each hav-
ing a recessed portion defining a recess therein. and

said joint member being received in the recesses de-
fined 1n the arms of said forked member and de-
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tachably connected to said forked member at the
recessed portions of the arms thereof:

a supporting block supporting said common base

~ plate in the apparatus:

a shifting screw operatively connected to said sup-
porung block so as to move said supporting block
In the apparatus in respective directions causing the
piston of each said solution distributor on one side
of said common base plate to extend and the pision
of each said solution distributor disposed opposite
thereto on the other side of said common base plate
to concurrently retract;

first pulley means connected to said shifting screw for
transmitting drive to said shifting screw: to rotate
sald screw;

a stepping motor having an output shaft;

second pulley means connected to the output shaft of
sald stepping motor for transmitting output of the
stepping motor: '

transmission belt means extending around said first
and said second pulley means for transmitiing the
output of said stepping motor from said second
pulley means to said first pulley means to rotate
said shifting screw and move said supporting block:

solenoid valve control means for feeding signals to
said three-way solenoid valves to selectively move
said valves to said positions thereof:

calculation means for calculating data corresponding
10 a predetermined target quantity of solution 10 be
discharged into said receivers from each of said
distributors; |

driving motor control means operatively connected
to said stepping motor for controlling said stepping
motor: and |

control unit means operatively connected to said
solenoid valve control means. to said calculation
means and to said driving motor control means for
controlling said solenoid valve control means and
said driving motor control means based on the data
calculated by said calculation means.

3. An automatic solution mixing apparatus as claimed

‘i claim 2. wherein said calculation means calculates

data of a number of pulses by which said stepping motor
will operate to cause the predetermined target quantity
of solutions to be discharged from each of said solution
distributors. by executing the following equations:

POil = POIL » QIL.
and

POIR = POIR < QiR

wherein PQIL is the number of pulses by which said
stepping motor will operate to cause a predetermined
quantity of solution to be discharged from a respective
one of the solution distributors on one side of said com-
mon base plate, PQIR is the number of pulses by which
said stepping motor will operate to cause a predeter-
mined quantity of solution to be discharged from a
respective one of the solution distributors on the other
side of said common base plate, POIL is the number of
pulses by which said stepping motor will operate to
cause a unit amount of solution to be discharged from
the respective one of the solution distributors on said
one side of said common base plate. POIR is the number
of pulses by which said stepping motor wili operate to
cause a unit amount of solution to be discharged from
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the respective one of the solution distributors on said  predetermined target quantity of solution to be dis-
other side of said common base plate. Q1L 1s said prede- |

termined target quantity of solution to be discharged | SR
from the respective one of said solution distributors on~  UlOrs on sa;d other side of saild common base plate..

said one side of said common base plate. and QIR 1s said 5 - ¥ % ox % ¥

charged from the respective one of said solution distrib-
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